In order to evaluate the relationship between yield and some relevant traits and estimation of the most effective traits on grain yield, a split-plot experiment based on completely randomized block design with four replications was carried out in 2006-2007 in the research field of Islamic Azad University of Karaj. The irrigation schemes scheduled as main plots included the following: (T 1 ) 40% moisture depletion throughout the growing season (control); (T 2 ) 60% moisture depletion throughout the growing season; (T 3 ) 80% moisture depletion throughout the growing season; (T 4 ) no irrigation during the stem elongation stage and continuing with adequate irrigation to the end of the growing season; (T 5 ) no irrigation from the stem elongation stage to the end of the growing season; (T 6 ) no irrigation at flowering and continuing with adequate irrigation to the end of the growing season; (T 7 ) no irrigation from flowering to the end of the growing season; and (T 8 ) no irrigation from the milk stage to the end of the growing season; and 2 wheat cultivars [Marvdasht (V 1 ), Chamran (V 2 )] as sub-plots. According to the results of simple correlation, the grain yield exhibited the most positive correlation with biomass (0.877), number of infertile spikelets (0.876) and harvest index (0.855). The results of step-wise regression showed that, in the absence of drought stress, biomass and harvest index had respectively the most important effects on the grain yield but both exhibited different results under drought stress. Path analysis results showed that the most important effect on the grain yield in the total tested treatments was related to the biomass, justifying a total of 87% of grain yield variations, 72% of which is the direct effect of this trait on grain yield.
Introduction
Drought stress is one of the most important environmental stresses in agriculture (Cattivelli et al., 2008) , therefore, understanding plant response to drought stress can play a main role in stabilizing crop responses under these conditions (Mirtaheri et al, 2013) . Sanjari and Yazdansepas (2008) in an investigation on twenty winter wheat genotypes under drought stress reported that the 1000-grain weight and weight of kernels per spike exhibited the greatest decrease as a result of water shortage; they also reported a positive correlation between grain yield and grain weight per spike and 1000-grain weight. Shahryari et al. (2008) evaluated 42 genotypes of bread wheat under drought stress and reported that there was a positively significant correlation between grain yield and 1000-grain weight and total number of tillers per plant; on the other hand, genotypes showed significant differences in grain yield at 1% level. Nofouzi et al. (2008) used correlation coefficient, backward regression and path analysis to evaluate grain yield and reported that the number of seeds per spike, spike length and 1000-grain weight increased grain yield under drought stress. According to Aycicek and Yildirim (2006) , an investigation by path analysis showed that there was a positive direct effect of plant height and grain weight per spike and a negative direct effect of time to heading with grain yield. In another study, the results of path analysis of durum wheat genotypes under drought stress showed that harvest index had the greatest positive effect and number of fertile tillers had the greatest negative effect on grain yield (Khaiatnezhad et al., 2010) . The results of path analysis in well-watered conditions showed that biological yield, lawn length and harvest index had the greatest direct positive effects on durum wheat yield (Ahmadizadeh et al., 2011) .
The aim of this research was to investigate the correlation between yield and yield components and other traits and to determine effective traits on yield under drought stress at different stages and under non-stress conditions.
Material and Methods

Description of the Research Site
The study was conducted at the research field of Islamic Azad University, Karaj branch, Mahdasht, Karaj, Iran (35°45'N, 51°06'E, 1313 m) in the 2006-2007 growing season. The location has a semi-arid climate with an average annual precipitation of 275 mm. The soil is clay loam with a pH of 7.6 and its salinity in 0-30 cm of soil profile is 5.55 dS m -1 .
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Experiment Design and Treatments A split-plot experiment was used based on a completely randomized block design with four replications. The following irrigation schedules were used: the main plot (T 1 ) at 40% moisture depletion throughout the growing season (control); (T 2 ) 60% moisture depletion throughout the growing season; (T 3 ) 80% moisture depletion throughout the growing season; (T 4 ) no irrigation during stem elongation followed by adequate irrigation to the end of the season; (T 5 ) no irrigation from stem elongation to the end of the season; (T 6 ) no irrigation at flowering followed by adequate irrigation to the end of the season; (T 7 ) no irrigation from flowering to the end; and (T 8 ) no irrigation from milk stage (70 in Zadoks scale) to the end. Wheat cultivars including two Iranian [Marvdasht (V 1 ), Chamran (V 2 )] were sown with a plant density of 500 plant m 2 with the 15-cm row spacing. The experimental field received 100 P2O5 kg/h in the form of triple superphosphate applied during deep ploughing in autumn. Nitrogen fertilizer was applied at a rate of 150 kg of nitrogen per hectare in the form of urea, the first half of which was supplied during planting and the remaining half at the stem elongation stage. Sowing date was 13 November. Plots included 7 rows (4 m in length and 15 cm in width), with a distance of 1 m between the main plots, 0.5 m between the sub-plots and 3 m between replications. In order to apply drought stress, chalk blocks were used to constantly control the moisture in the plots, which were regulated with the soil moisture calibration curve as shown in Figure 1 . All the plots were irrigated using an installed pipeline system. The first irrigation was scheduled on 13 November just after planting and then irrigation was 
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Seyed Mehdi Mirtaheri et al. 410 carried out according to defined treatment protocols. Data analysis was done using SAS (9.1) software and means were compared using Duncan's multiple range tests at 0.05 probability level. Before statistical analysis, all data passed normality test and were transformed when needed.
Crop Sampling and Data Analysis
Measurements of the four traits under study plant height (cm), peduncle length, and the number of fertile and infertile spikelets were carried out on 10 normal plants randomly selected from the two middle rows of each plot. In other to evaluate grain yield, 1000-seed weight (g), biomass (g), harvest index (%), spike numbers in m 2 and number of seeds per spike, two middle rows of each plot were harvested.
Results and Discussion
Variance Analysis and Comparison of Mean Values
The results indicated that all stress treatments had exerted significantly different effects compared to the control treatment (Table 1) ; the highest grain yield was observed in the control treatment and the lowest grain yield was observed in T 7 treatment, with T 2 to T 8 treatments exhibiting decreases of 15.7%, 37.8%, 13%, 61%, 45%, 62% and 43% in yield, respectively, compared to the control (results not reported here). ns, *and ** mean non-significant, significant at the 5% and 1% levels of probability, respectively
The application of the multivariate analysis method for some traits in wheat under drought stress 411 Some other researchers have reported that drought stress reduces grain yield in wheat (Sio-Se Marde et al., 2006; Li et al., 2011) , the main results of which are reduction in photosynthesis rate and aging of leaves (reduction in source) and reduction in sink capacity (Ritchie et al., 1990) .
Furthermore, stress treatment exhibited significant effects on the yield and all measured yield components. The interaction between drought stress and cultivars was significant for harvest index, plant height and fertile and infertile spikelet number traits and consequently it is expected that the cultivars will have different reactions to these traits.
Simple Correlation Coefficients
According to the results of simple correlation coefficients between wheat grain yield and other relevant traits, which are presented in Table 2 , in case of no drought stress (treatment T1), the grain yield exhibited the most positive correlation with biological yield traits (0.877), number of infertile spikelets (0.876) and harvest index (0.855). With an increase in irrigation intervals, from irrigation at 40% of available moisture depletion to 80% of available moisture depletion, the drought stress exerted results in a positive and significant relationship between grain yield and Seyed Mehdi Mirtaheri et al. 412 harvest index (Tables 2 and 3 ). Such a process of increasing the effect of harvest index on the yield might be observed when the finite stress treatment at the flowering stage is compared with infinite stress treatments (and consequently severe) from this stage up to the period end (Tables 2 and 3) . Table 3 . A step-wise regression analysis between grain yield and 9 traits for wheat genotypes under drought stress.
Step-wise selection Level of stress
Step (T 1 ) 40% moisture depletion throughout the growing season (control); (T 2 ) 60% moisture depletion throughout the growing season; (T 3 ) 80% moisture depletion throughout the growing season; (T 4 ) no irrigation during the stem elongation stage followed by adequate irrigation to the end of the season; (T 5 ) no irrigation from the stem elongation stage to the end of the season; (T 6 ) no irrigation at flowering followed by adequate irrigation to the end of the season; (T 7 ) no irrigation from the flowering stage to the end of the season; and (T 8 ) no irrigation from the milk stage (70 in Zadoks scale) to the end of the season.
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The most major factors affecting grain yield are biological yield and harvest index and with less effect, the number of grains per spike. However, the effect of drought stress, which will continue from this stage up to the end of growth period, was observed with less intensity; rather, plant height had the most positive relationship with grain yield (Table 2 ). The stress created during the stem elongation stage reduces plant height and peduncle length; however, because stem length is affected prior to peduncle length, it seems that the stem length might improve with the continuation of irrigation, but continuing this process causes the length of such plants affected by drought stress during the stemming stage to have the lowest rate (79 cm in the present study, Table 2 ). During drought stress, from the flowering stage to the end of growth period, the most negative effect on the number of grains per spike is observed, indicating the deleterious effects of drought on the grain formation, although this effect is not significant. On the whole, to have a drought stress at the flowering stage and then irrigating to the end of the season, did not show a negative effect. It might be attributed to differences in flowering stages between the main stems and tillers, compensating for the negative effects.
Step-wise Regression Analysis According to Agrama (1996) , a step-wise regression can reduce the effect of significantly non-important traits in regression model; in this way, traits accounting for considerable variations of dependent variables could be determined. The results of a step-wise regression analysis have been presented in Table 3 in order of priority of the most important and effective traits on the yield and separately in terms of appropriate irrigation conditions and different levels of drought stress. The results of a step-wise regression in the absence of drought stress indicated that biomass (0.8377) and harvest index (0.1604) had the greatest effect on grain yield, respectively. Such results were observed in 60% moisture depletion stress treatment (T 2 ), but in stress treatment with 80% moisture depletion (T 3 ), harvest index (0.6336) and biological yield (0.3650) had the greatest effect on grain yield, confirming the results reported in the simple correlation section. This finding necessitates the control of an increase in biomass under drought stress. Also in the second stage, plant height has a very important role.
Path analysis
In order to better explain the results of simple correlations and stage regression and also to determine the cause-and-effect relations to identify direct and indirect effects on components and enter the traits into a regression model, path analysis was applied following the method used by Dewey and Iu (Dewey and Iu, 1959) . Considering the results of path analysis presented in Table 4 , the greatest direct effect on the grain yield in the total treatments evaluated was related to the biological yield which justifies a total of 0.87 (the direct effect of this trait was 0.72) of grain yield variations (according to the findings of Singh et al., 2010) . In this context, plant height traits had an indirect negative effect (-0.15) and harvest index traits (0.14), spike numbers (0.12) and grain weight (0.04) had direct positive effects. After this trait, harvest index with the direct effect of 0.56 had the greatest positive effect. According to the report of Jag Shoran et al. (2000) , the next effective traits were spike numbers with 0.32 of positive effect and 1000-grain weight with 0.10 of positive effect, respectively. Meanwhile, the plant height trait with a direct negative effect of 0.25 had an important role.
Considering the results of comparison of the means (results not reported here), drought treatments, during the flowering stage, have the lowest grain yield rate, revealing the susceptibility of this stage to drought stress. Drought at flowering usually results in infertility, a major cause of which, though not the only one, is a reduction in assimilate flux to the developing ear below some threshold level necessary to sustain optimal grain growth (Yadav et al., 2004) . Sangtarash (2010) reported the same results in different wheat genotypes. T 3 treatment had a yield equal to T 8 drought stress treatment during grain filling, despite spending a major part of its growth under intense low-irrigating stress, indicating the relative adaptation to drought stress conditions during the whole season compared to stress conditions at special physiologic stages, particularly flowering and grain filling. The plants under this treatment exhibited more resistance to drought stress, i.e. the adaptation mechanisms in wheat in reaction to end-season stress are weaker than adaptation mechanisms in reaction to drought stress during the whole growth season; in relation to the effect of stress on grain yield, Chamran cultivar had an overall more favorable reaction compared to Marvdasht cultivar. Similar results have been reported by Paknejad et al. (2007) . Simple correlation coefficients showed that in the absence of drought stress (T1), grain yield had a positive and
The application of the multivariate analysis method for some traits in wheat under drought stress 415 quite significant correlation with the number of infertile spikelets, indicating probable source limitations in these two cultivars so that the limited substrate cannot support the large number of grains and upon its relative decrease, more appropriate distribution has occurred and finally grain yield has improved. The same result was shown in T 6 (drought stress only during the flowering stage), confirming previous results. A step-wise regression showed that increasing the irrigation intervals from irrigation in 40% moisture depletion to 80% moisture depletion, the drought stress resulted in a positive and significant relationship of grain yield with harvest index, indicating that upon a significant decrease in biological yield and grain yield, harvest index does not follow this trend and the decrease is so minor (Tables 2 and 3 ) because plant productivity under drought stress is strongly related to the processes of dry matter partitioning and temporal biomass distribution (Kage et al., 2004) . On the other hand, in stress treatment from the stemming stage up to the end of attending stage, the plant height is very effective and considering this point, it might be suggested that in the regions where these varieties of stresses are common, it is better to use varieties with more height, and from among the applied varieties in this study, Marvdasht is better than Chamran.
According to direct and indirect effects of different traits on grain yield (Table  4) , biomass and harvest index are the most important traits in these conditions. Habibi (2011) reported that, according to direct effects, characters under drought stress conditions, biomass and harvest index of wheat are the most important traits on grain yield. On the other hand, plant height has a negative direct effect on grain yield (Table 4) because reduced plant height in wheat, via the introduction of dwarfing genes (Rht-B1b and Rht-D1b) (Gale and Youssefian, 1985) , has been associated with increased yield potential because of greater HI and lodging resistance (Araus et al., 2008) . Totally simple correlation, a step-wise regression and path analysis concluded that biomass and harvest index could be the reliable criteria for selecting better cultivars in normal and drought areas. Therefore, emphasis on these traits during wheat breeding programs will be useful and a direct selection through this trait will be effective for yield improvement.
